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The Sun Grant Initiative is a national network of land-grant 
universities, federal agencies and national laboratories partner-
ing to help develop a bio-based economy. With more than 150 
years of experience in agricultural and natural resource research 
and a network of field-based research sites in every major 
biogeographic zone in every state and territory of the country, 
land-grant universities are at the forefront of research and 
innovation involving bioenergy, biofuels and bio-based prod-
ucts. They have a unique tradition of sharing the results of 
their research by working with farmers, ranchers and foresters 
through extension outreach in the community and classroom 
education efforts. The Sun Grant Initiative builds on this 
successful history and harnesses the land-grant network to 
tackle the new challenges of developing bio-based transpor-
tation fuels, biopower and new bio-based products.
The SGI mission is to develop, distribute and implement 
bio-based energy technologies to:
l  Enhance national energy security;
l  Provide opportunities for rural economic development 
   in America’s traditional agricultural communities;
l  Promote environmentally sustainable and diversified pro-
   duction opportunities for agricultural and forestry resources; 
   and
l  Encourage further bioenergy research collaboration between 
   government agencies and land-grant colleges and universities.
Congress authorized the Sun Grant Initiative in the 2002, 2008 
and 2014 Farm Bills. Sun Grant efforts have been supported 
with funds from the U.S. Departments of Agriculture, Defense, 
Energy, and Transportation (USDA, DOD, DOE and DOT, 
respectively). This report covers the period from 2008-2017.
South Dakota State University is one of five regional Sun Grant 
Centers charged with implementing the SGI’s goals for further-
ing a bio-based economy. The North Central Regional Sun 
Grant Center includes 10 states: Iowa, Illinois, Indiana, 
Minnesota, Montana, North Dakota, Nebraska, South Dakota, 
Wisconsin and Wyoming. The other regional centers are located 
at Pennsylvania State University (Northeast Region), Oklahoma 
State University (South Central Region), Oregon State Uni-
versity (Western Region) and the University of Tennessee 
(Southeast Region).
In addition to enhancing its own efforts in bioenergy and 
biomass research, each regional Sun Grant Center is charged 
with administering a regional competitive grants program. 
This report summarizes some of the ongoing or completed 
research activities funded through the NCRSGC. In addition, 
the NCRSGC led two DOE-funded projects that were national 
in scope.
North Central Regional 
Sun Grant Funding History
Between 2008 and 2017, NCRSGC has been awarded and 
administered approximately $58 million in federal funding 
from the U.S. Departments of Agriculture, Defense, Energy, 
and Transportation. Through various partners, $10.5 million 
in cost share has also been utilized for important bioenergy 
related projects throughout the region (Figure 1).
What is the Sun Grant Initiative?
Figure 1. Federal funding awarded to SDSU through the North Central 
Regional Sun Grant Center from 2008-17. Cost share from various partners 
is also shown. DOT: U.S. Dept.of Transportation; DOE RFP: U.S. Dept.of 
Energy Regional Feedstock Partnership; DOE SGICGP: U.S. Dept.of Energy 
Sun Grant Initiative Competitive Grants Program; USDA: U.S. Dept. of 
Agriculture; DOD: U.S. Dept. of Defense.
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Figure 2. Development of intellectual property and jobs (top), 
a trained workforce (middle), and scientific understanding and 
outreach (bottom) through North Central Regional Sun Grant 
Center funded projects.
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Impacts and Outputs
Projects funded through the NCRSGC have developed intel-
lectual property and led to economic development through 
the creation of jobs in the region (Figure 2, top); helped develop 
a highly skilled workforce through training of undergraduate 
students, graduate students, and post-doctoral researchers 
(Figure 2, middle); and generated and communicated to diverse 
audiences new scientific knowledge and understanding related 
to the emerging bioeconomy (Figure 2, bottom). 
Photo courtesy of Vance Owens, South Dakota State University
The Sun Grant Initiative was first authorized in the 2002 Farm
Bill and reauthorized in the 2008 and 2014 Farm Bills. Funding
allocated from the 2002 Farm Bill was used to conduct stake-
holder listening sessions in the North Central Region and each 
of the other four Sun Grant regions. During the last 10 years, 
and continuing to the present time, funding from USDA has 
been directed at important local and regional bioenergy 
research and outreach topics. The North Central Regional 
Sun Grant Center has funded projects on diverse biomass 
feedstocks, particularly those that will not compete directly 
with food crops, and on the production systems in which these
feedstock would be incorporated; conversion processes; life 
cycle analyses; feedstock logistics; and bioproduct development
(Figure 3, top).USDA has invested nearly $3.5 million in the 
North Central Region, leveraged with about $650,000 in 
associated cost share (Figure 3, below).
Impacts
l  A project at North Dakota State University clearly demon-
   strated that forage sorghum and camelina (a nonfood oilseed) 
   can be grown successfully as energy crops in advanced 
   cropping systems in the North Central Region (Figure 4). 
   Specifically, researchers found that forage sorghum in a 
   relay-crop system or as a full-season solo crop was the best 
   biomass feedstock for the area because it was high yielding 
   (up to 7.2 tons/acre), drought tolerant and required low 
   inputs. Researchers noted that including sorghum in this 
   type of system reduced soil erosion and improved assimilation 
   of atmospheric CO2 during fall and early spring. Researchers 
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Figure 3. Number of projects (top) and funding amounts (below) in each 
general research area with USDA funds.
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Figure 4. Sorghum (short plants in foreground) used as a relay crop with
camelina or planted at typical seeding time (taller sorghum plants in back-
ground) . Photos courtesy of Marisol Berti, North Dakota State University.
n USDA Funding n Cost Share
   concluded that sorghum relay or double cropping after 
   camelina has potential to lengthen the growing season and 
   produce two feedstocks for biofuels in one season, thus 
   increasing crop diversity and potential economic returns 
   to producers.
l  Soil salinity is a growing issue in the North Central Region. 
   Researchers at South Dakota State University evaluated prairie 
   cordgrass (Spartina pectinata), a widely adapted warm-season 
   grass, as a potential bioenergy feedstock that could be grown 
   on soils with high salinity. They demonstrated that prairie 
   cordgrass could be established on highly saline soils from 
   seed or from transplanted seedlings (Figure 5). Corn planted 
   in a similar area did not produce a grain crop due to salt stress.
l  A team at the University of Minnesota explored ways to 
   reduce transportation costs associated with low-density 
   biomass feedstocks and to provide feedstock producers with 
   a potential method to densify bulky feedstocks on-farm. 
   Their microwave-assisted pyrolysis process efficiently converts 
   bulky feedstocks to pyrolysis oils using portable units that 
   can be utilized on farms (Figure 6). All or some of the energy 
   can be used on-farm and the resultant biochar can be put 
   back on the soil. Potential on-farm conversion of biomass 
   feedstock and production and sales of value-added energy 
   and biobased products will provide extra incomes to pro-
   ducers and rural communities.
Figure 5. Vigorous transplanted prairie cordgrass plants (height exceeded 
8 feet) in a South Dakota field affected by high salt concentrations. The 
understory is a dense sod of highly competitive foxtail barley (Hordeum 
jubatum), an undesirable species commonly seen on saline soils in the north-
ern Great Plains. Photo courtesy of Arvid Boe, South Dakota State University.
Figure 6. The microwave-assisted pyrolysis (MAP) and gasification concept 
(top) and mobile MAP unit (bottom) utilized by researchers at the University 
of Minnesota. Image and photo courtesy of Roger Ruan, University of 
Minnesota.
l  At the University of Nebraska, a team of researchers evalu-
   ated the impacts of perennial warm-season grasses grown 
   for biofuel production on soil and environmental quality, 
   with particular emphasis on marginally productive croplands 
   (Figure 7). Growing perennial warm-season grassess may 
   affect a number of soil ecosystem services such as biomass 
   production, soil carbon (C) sequestration, nutrient cycling, 
   water erosion, wind erosion and soil properties. They found 
   that differences in soil and environmental parameters among 
   perennial grass monocultures and polycultures and N, P and 
   K fertilization levels were not significant. In addition, they 
   noted that on marginally productive cropland, warm-season 
   grasses can be a good alternative to corn residue removal to 
   reduce risks of wind and water erosion, improve water reten-
   tion capacity, and improve soil health.
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l  As woody biomass becomes more attractive as an energy 
   source in the world energy economy, the economic benefits 
   to foresters and the ecological costs to forested systems need 
   to be evaluated. An interdisciplinary research project led by 
   a group at Purdue University incorporated the efforts of 
   foresters, economists, wood product scientists, entomologists 
   and ecologists to address the economic and ecological trade-
   offs of woody biomass harvesting in a Central Hardwoods 
   forest. They used their data to construct an online biomass 
   harvest calculator (fnr.sfp.cc/) to inform land managers as 
   to when bioenergy harvests can be encouraged as a viable, 
   sustainable land-management strategy.
l  Although various groups have suggested that insects pests 
   have little influence on switchgrass yield, researchers at South 
   Dakota State University identified a new insect, the switchgrass 
   gall midge (Chilophaga virgati Gagné), that can cause signifi-
   cant reductions in switchgrass biomass production. This team 
   found seed losses approaching 100% and yield reductions of 
   60-70% in switchgrass tillers infected with the gall midge. 
   In addition, researchers found evidence of the switchgrass 
   gall midge on multiple switchgrass cultivars in13 states 
   ranging from the eastern Great Plains to the Atlantic coast 
   (Figure 8). Further data are being gathered regarding 
   threshold levels for economic losses to occur.
Other Impacts
l  One invention disclosure
l  One provisional patent
l  Five jobs created
l  Training of undergraduate (41), M.S. (20), and 
   Ph.D. (12) students and post-docs (7)
Outputs
l  More than 40 peer-reviewed publications.
l  More than 90 presentations to diverse audiences.
l  Ten outreach publications.
l  Numerous field days and other outreach activities.
Figure 7. Plots under perennial warm-season grasses (top) and corn with 
(middle) and without (bottom) removal of 50 percent of stover. Photos 
courtesy of Humberto Blanco, University of Nebraska.
Figure 8. Occurrence of the switchgrass gall midge (Chilophaga virgati
Gagné) in native and planted switchgrass across the United States from 
the eastern Great Plains to the Atlantic states.
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USDA-funded Projects
All projects funded through USDA are listed below along with
the lead investigator and her or his institution.
Regionally-competed projects:
    1.   Double- and relay-cropping systems for oil and biomass 
          feedstock production in North Central region, M. Berti,
          North Dakota State University
    2.   Development of production system for emerging feed stock 
          for double utilization, V. Jeliazkov, University of Wyoming
    3.   Sustainable feedstocks for an oilseed based biofuel industry 
          in the Dakotas, K. Grady, South Dakota State University
    4.   Identification of stable neopolyploids for the development 
          of high yielding prairie cordgrass for sustainable biomass
          feedstock production on marginal land, L. Rayburn, 
          University of Illinois at Urbana-Champaign
    5.   Soil and environmental responses to dedicated bioenergy 
          crops on marginally productive croplands, H. Blanco,
          University of Nebraska-Lincoln
    6.   Economic and ecological impacts of woody biomass 
          harvest in deciduous forests of the central hardwoods 
          region, J. Dunning, Purdue University
    7.   Development of novel fast pyrolysis and gasification 
          processes, R. Ruan, University of Minnesota
    8.  Gene discovery for delayed senescence in bioenergy crops 
          for the improvement of total biomass production,
          J. Rohila, South Dakota State University
    9.  Defining geographic range and determining potential 
          impact of the switchgrass gall midge among best adapted
          switchgrass varieties, P. Johnson, South Dakota State 
          University
  10.   Managing perennial cover crops for sustainable corn 
          stover biomass production, K. Moore, Iowa State 
          University
  11.   Use of pelleted biomass to reduce pretreatment severity, 
          S. Pryor, North Dakota State University
  12.   Improving Cold Tolerance in Sorghum: A Promising 
          Feedstock for Biofuels and Biobased Products in the 
          Northern Great Plains, M. Berti, North Dakota State 
          University
  13.   Crop Enterprise and Environmental Budgeting Tool 
          (CE2T) for Biomass Cropping Systems, G. Johnson, 
          University of Minnesota
  14.   Quantifying the contribution of native and non-native 
          pollinators to Brassica carinata yield and carinata’s impact
          on pollinator health, C. Fenster, South Dakota State 
          University
  15.   Sustainable oilseed feedstocks: development of best 
          management practices for the production of Brassica 
          carinata (l) in the Dakotas, T. Nleya, South Dakota 
          State University
  16.   Accelerating improvement of biomass sorghum as biofuel 
          feedstock via high throughput phenotyping, Y. Ge,
          University of Nebraska
  17.   Sustainable materials from corn stover, G. Vemuri, 
          Sasya, LLC
  18.   Evaluation of stability of heterosis for biomass yield in 
          prairie cordgrass on marginal land, D. Lee, University 
          of Illinois at Urbana-Champaign
  19.   Growing bioenergy crops on marginally productive 
          croplands: implications on erosion and water quality
          parameters, H. Blanco, University of Nebraska-Lincoln
  20.   Achieving conservation and renewable energy goals with 
          the Conservation Reserve Program, M. Khanna, 
          University of Illinois at Urbana-Champaign
  21.   Woody bioenergy feedstock from marginal agricultural 
          lands: Red cedar feedstock quality and environmental
          sustainability, Thomas Sauer, USDA ARS, Iowa
  22.   Elucidation of competition patterns among three 
          perennial biofuel feedstocks species in the North Central 
          USA, J.Wu, South Dakota State University
Internally competed projects at South Dakota State University
 1.  CO2: An emerging feedstock for direct production of 
      third-generation biofuels, R. Zhou
 2.  Enhancing biomass production in alfalfa, Y. Wu
 3.  A New Approach to producing biomass feedstocks from 
      marginal land and reclaiming salt impacted soils in the
      North Central USA, A. Boe
 4.  Renewable composites prepared from thermoset resins: 
      Synthesis, characterization and curing kinetics of novel
      resins synthesized from lactic acid and xylitol, 
      K. Muthukumarappan
 5.  Develop lignocellulosic nanocomposites from prairie 
      cordgrass and corn stalks for smart packaging applications, 
      L. Wei
 6.  Using genomic technologies to characterize sustainability 
      traits in prairie cordgrass, J. Gonzalez
 7.  Endophytes of Prairie Cordgrass and Their Potential to 
      Increase Environmentally Sustainable Biomass Production, 
      H. Bucking
 8.  Plasma modified biochar electrode for nitrate recycle with 
      capacitive deionization technology, Z. Gu
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U.S. Department of Energy
Sun Grant Initiative Competitive Grants Program
From 2008-2017, the Sun Grant Initiative partnered with the 
U.S. Department of Energy to manage a competitive grants 
program. The overall goal of this program was to utilize 
congressionally directed funds to leverage the North Central 
Regional Sun Grant’s Competitive Grant program at SDSU to 
address key issues and research gaps related to development of 
the bioeconomy. Specific objectives of this program were to:
l  Identify research projects through a Regional Competitive 
   Grants program that were relevant to the sustainable 
   production, harvest, transport, delivery and processing/
   conversion of cost-competitive, domestically grown biomass.
l  Build local expertise and capacity at the North Central 
   Regional Sun Grant Center at SDSU through an internal 
   selection of key bioenergy research projects.
Of these funds, 75 percent were allocated to the Regional 
Competitive Grants Program and 25 percent were dedicated 
to building local expertise and strength at SDSU. Three nation-
wide and two internal competitions were completed. Priority 
areas for these competitions included: 1) Biomass feedstock 
logistics including biomass harvesting, handling, transportation, 
storage and densification; 2) Sustainable biomass feedstock 
production systems including biomass crop development, 
production and life-cycle analysis; 3) Biomass production 
systems that optimize biomass feedstock yield and economic 
return across a diverse landscape while minimizing negative 
effects on the environment and food/feed production; and 
4) Promotion of knowledge-based economic development in 
science and technology and to advance commercialization 
of inventions that meet the mission of the Sun Grant Initiative. 
A total of 33 projects were selected for funding through this 
program. Primary research topics as well as funding associated 
with each subject area are shown in Figure 9. The Final Tech-
nical Report can be found at https://doi.org/10.2172/1389636.
Impacts
Although not inclusive, several key impacts from various 
projects funded through this award are highlighted below.
l  University of Minnesota researchers are developing a web-
   based decision support tool (CE2T—The Crop Enterprise 
Figure 9. Number of projects by research topic (top) and funding for each 
subject area (bottom) in the DOE-funded Sun Grant Initiative Competitive
Grants Program.
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   and Environmental Budgeting Tool; https://ce2t.umn.edu/) 
   to allow a broad set of users to make informed decisions 
   about the economic and environmental value of perennial-
   based biomass crop production on the landscape (Figure 10).
l  A SDSU project on feedstock densification created the oppor-
   tunity for researchers to discover a way to treat soybean meal 
   and dried distillers grains from corn ethanol plants to make a 
   protein-rich fish feed that can fully replace fishmeal in aqua-
   culture diets (Figure 11). This work led to a patented process 
   and a Brookings-based startup company to commercialize 
   the technology—Prairie AquaTech (www.prairieaquatech. 
   com/). Prairie AquaTech has grown to 30 employees since 
   its inception and is currently constructing a 300,000 square 
   foot, $60 million commercial facility with plans to hire 35 
   additional employees once the plant is operational. Prairie 
   AquaTech has the capability to help solve the global problem 
   of high-quality animal feed ingredients, help secure the 
   world’s food supply, and provide a solution to the U.S.’s 
   problem of the largest natural resource trade deficit by starting
more aquaculture farms with a locally available feed ingredient.
l  Researchers at Iowa State University partnered with DuPont, 
   New Holland and AGCO in Sun Grant projects to better 
   understand how feedstock densification and storage can 
   improve conversion of corn stover to biofuels. This research 
   in biomass supply chains has provided guidance for AGCO 
   to set goals for biomass machinery design and allowed their 
   machines to operate at peak efficiency throughout the harvest 
   season (Figure 12).
Figure 10. Overhead view of one of several locations where diverse biomass
feedstocks were evaluated across a landscape for development of CE2T, a
web-based decision support tool. Photo courtesy of Gregg Johnson, Univer-
sity of Minnesota.
Figure 11. Prairie AquaTech’s process of converting plant-based meal 
to high value food animal products. Images by Prairie AquaTech.
Figure 12. Harvesting corn stover for Matt Darr’s North Central Regional 
Sun Grant project. Photo courtesy of Matt Darr, Iowa State University.
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l  SDSU researchers developed a novel plasma activation system 
   to efficiently create nanostructured porous biochar suitable 
   for supercapacitors. The plasma activation technology devel-
   oped through this project has attractive potential for com-
   mercialization because plasma activation was completed with 
   only 50 watts of power in five minutes, thus greatly reducing 
   the cost of supercapacitors.
l  Purdue University researchers characterized the opportunities 
   and challenges associated with producing a range of perennial 
   bioenergy crops including miscanthus (Figure 13), switchgrass 
   and mixed prairie grasses, across landscapes which are con-
   sidered marginal. Specifically, they identified those crops that 
   provide the highest yields as well as the greatest theoretical 
   return to producers, the role of fertilization, costs to the 
   environment (through greenhouse gas emission and nitrate 
   leaching), and establishment and transportation costs.
Other Impacts
l  Four invention disclosures;
l  Eight patents;
l  More than 30 jobs created; and
l  Training of undergraduate (110), M.S. (39), and 
   Ph.D. (38) students and post-docs (27).
Outputs
l  More than 100 peer-reviewed publications;
l  Five book chapters;
l  More than 275 presentations to diverse audiences; and
l  Nearly 40 outreach publications.
l  Numerous field days and other outreach activities.
DOE-funded Projects
All projects funded through DOE are listed below along with
the lead investigator and her or his institution:
  1.  Optimizing the Logistics of a Mobile Fast Pyrolysis System 
       for Sustainable Bio-Crude Oil Production; S. Capareda; 
       Texas A&M University
  2.  Evaluation of In-Field Corn Stover Densification and 
       Interaction with Storage Quality, Logistics, and Production 
       Costs; M. Darr; Iowa State University
  3.  Prioritizing Corn Harvest and Biomass Collection Activities; 
       C. Gustafson, North Dakota State University
  4.  The Logistics of Herbaceous Crop Residue-based Ethanol 
       Production Under Uncertainty; D. Lambert; North Dakota 
       State University and Kansas State University
  5.  Strategies for Concurrent Wet Storage and Pretreatment 
       of Corn Stover; Y. Li; Ohio State University
  6.  Improving Handling Characteristics of Herbaceous 
       Biomass; V. Morey; University of Minnesota
  7.  Transforming and Densifying Biomass in Regional Biomass 
       Processing Centers; K. Muthu; South Dakota State University
  8.  In-Field Cubing of Cellulosic Biomass; K. Shinners; 
       University of Wisconsin
  9.  Landscape Scale Lignocellulosic Biomass Production; 
       C. Johnson; South Dakota State University
10.  Biofuel Crops in Eastern South Dakota Establishment, 
       Productivity, Biotic Impact, and Multiple Use Potential; 
       P. Johnson; South Dakota State University
11.  Interactions of Biochar/Bio-ash Source/Properties Impacts 
       on Soil Properties, C Sequestration Potential, and Crop 
       Management; D. Malo; South Dakota State University
12.  Wind Resource Assessment Network; D. Todey; 
       South Dakota State University
13.  Seed Technologies to Secure Rapid and Complete Switch-
       grass Establishment; B. Baldwin; Mississippi State University
Figure13.Miscanthus (right side) and switchgrass (left side) plots in Indiana.
Photo courtesy of Jeff Volenec, Purdue University.
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14.  Barley Straw Fructanosic Ethanol for On-Farm Biofuel 
       Production; T. Blake; Montana State University
15.  Optimization of Biomass Productivity and Environmental 
       Sustainability for Cellulosic Feedstocks: Land Capability 
       and Life Cycle Analysis; S. Brouder; Purdue University
16.  Do Nurse Crops Make Miscanthus Giganteus Establishment 
       More Sustainable?; E. Heaton; Iowa State University
17.  Sustainable Biomass Production on Marginal Lands Using 
       a Novel legume/Grass Mixture; V. Owens; South Dakota 
       State University
18.  Evaluation of Bioenergy Crop Production on Marginal Land 
       in Wisconsin; S. Ventura; University of Wisconsin-Madison
19.  Cup Plant as a Potential New Biomass Crop; A. Boe; 
       South Dakota State University
20.  Biofuel Feedstock Crops in Sub-Irrigated Lowlands; 
       C. Johnson; South Dakota State University
21.  Pyrolysis of Forest Residue; L. Wei; South Dakota State 
       University
22.  Using Second-Generation Biofuel Feedstocks to Improve 
       the Carbon Economy of US Agriculture; E. DeLucia;
       University of Illinois
23.  Improving Production, Resilience, and Biodiversity of 
       Perennial Grass Mixtures and Monocultures as Biofuel 
       Feedstocks Across Environmentally Heterogeneous 
       Landscapes; C. Johnson; South Dakota State University
24.  Production and Economics of Perennials-Based Woody 
       and Herbaceous Biomass Crops Under Alley-Cropping 
       Systems; G. Johnson; University of Minnesota
25.  Intensifying the Corn-Soybean Rotation with the Use of 
       Winter Rye Grown for Biomass Energy Production; 
       P. Sexton; South Dakota State University
26.  Beneficial Plant Microbe Interactions and Their Potential 
       Application to Increase Biomass Production and Environ-
       mental Sustainability of Prairie Cordgrass; H. Bucking; 
       South Dakota State University
27.  Develop Solid-stem Triticale as a Feedstock for Biofuel 
       Production; W. Li; South Dakota State University
28.  Electrophoretic Deposition of Biochar Nanoparticle Based 
       Films for Energy Storage; Q. Fan; South Dakota State 
       University
29.  Developing Gas Stripping-Absorption/Desorption Processes 
       Based on Porous Carbon Adsorbents for Biofuel Purification 
       from Bioreactors; Z. Gu; South Dakota State University
30.  Catalytic Fast Pyrolysis Conversion of Corn Stover to 
       Drop-in Quality Hydrocarbons; L. Wei; South Dakota 
       State University
31.  Plasma Activation of Biochar for Supercapacitors; Q. Fan; 
       South Dakota State University
32.  Engineering Aurebasidium pullulans to Produce and 
       Secrete Beta Glucans and Poly-lysine; J. Gibbons; 
       South Dakota State University
33.  Optimize Multifunctional Catalysts for Efficiently 
       Converting Lignocellulosic Biomass to Advanced Biofuels; 
       L. Wei; South Dakota State University
The final report for each of these projects can be found at
https://doi.org/10.2172/1389636. 
Using a prescribed burn to enhance production of desirable species in a wet-
land on Carter Johnson’s North Central Regional Sun Grant project. Photo
courtesy of Carter Johnson, South Dakota State University.
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The U.S. Department of Energy and the Sun Grant Initiative 
initiated the Regional Feedstock Partnership (referred to as the 
Partnership) in 2007 primarily to address information gaps 
associated with the realization of the sustainable and reliable 
production of a billion-tons of biomass to support the U.S. 
bioenergy industry by the year 2030. Publication of The Tech-
nical Feasibility of a Billion-Ton Annual Supply (commonly 
referred to as the Billion-Ton Study) (Perlack et al., 2005) in
2005, with its associated yield assumptions, led to conclusion 
that these yield goals and assumptions required validation. 
Specific objectives of the Partnership were:
1.  Establishment of replicated field trials across regions to 
    determine the impact of crop residue removal (primarily 
    corn and small grains) on future grain yields and soil health.
2.  Establishment of replicated field trials of some of the most 
    promising feedstock crops (herbaceous annuals and peren-
    nials as well as woody species) to demonstrate the potential 
    performance of these feedstocks across the U.S.
3.  Assessment of feedstock resources to be used to estimate 
    national supply potential.
Partnership field trials were established for key biomass feed-
stocks (i.e., corn stover, biomass sorghum, energycane, mis-
canthus, switchgrass, CRP mixed perennial grasses, willow and 
poplar) across multiple years and in diverse environments 
across the United States (Figures 14 and 15). Teams for each feed-
stock included experts from Sun Grant and other land-grant 
institutions, USDA-ARS, national labs and industry. Teams 
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Figure 14. Location of Partnership field trials for diverse biomass feedstocks 
across the five Sun Grant regions.
Figure 15. Switchgrass harvest in South Dakota (top) and shrub willow harvest 
in New York (below). Both field trials were part of the DOE-funded Sun Grant 
Initiative Regional Feedstock Partnership that helped validate the annual 
availability of one billion tons of biomass in the U.S. Switchgrass photo 
courtesy of Vance Owens, South Dakota State University. Shrub willow 
photo courtesy of Timothy Volk, State University of New York.
U.S. Department of Energy
Regional Feedstock Partnership
Impacts
l  Validated many of the assumptions relating to yield potential 
   and crop sustainability in the 2005 Billion-Ton Study and 
   in the U.S. Billion-Ton Update (DOE 2011). Validation of 
   these assumptions supports the conclusion that yield expec-
   tations that underpin the Billion-Ton Study projections are 
   achievable.
l  Provided information for the 2016 Billion-Ton Report: 
   Advancing Domestic Resources for a Thriving Bioeconomy 
   (https://energy.gov/eere/bioenergy/downloads/2016-billion-
   ton-report-advancing-domestic-resources-thriving-
   bioeconomy).
l  Developed a comprehensive set of national and regional yield 
   potential estimates for all species evaluated in the Partnership.
l  Quantified specific levels of corn stover that could be sustain-
   ably harvested (Figure18) for use in commercial lignocellulosic 
   biorefineries.
l  Provided the opportunity to assemble and conserve a poplar 
   germplasm collection that contains more than 20,000 clones. 
   New clones resulting from crosses made using this germplasm 
   collection have resulted in significantly improved cultivars 
   (Figure19).
Figure 16. Funding for various research and outreach efforts in the Regional
Feedstock Partnership.
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were also organized to develop national yield potential maps 
and to create bioenergy-related content for dedicated outreach 
efforts. Biomass from the field trials was harvested for up to 
seven years, much longer than typically seen in the literature. 
Investment by DOE, Idaho National Laboratories and other 
partners exceeded $27 million for use in executing the feedstock 
research for each species, conducting outreach efforts (BioWeb) 
and developing yield potential maps for each species (Figure 16).
Figure17. Biomass yield potential of upland (left) and lowland (right) switchgrass for the U.S. generated using the PRISM-ELM model and based in part on 
Regional Feedstock Partnership Field Trials (red dots) (from Lee et al., 2017). These maps and data associated with them are publicly available for use by those
interested and involved in renewable energy from biomass feedstocks.
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Yield data from the RFP were used to inform DOE’s 2016 
Billion-Ton Report (https://energy.gov/eere/bioenergy/down-
loads/2016-billion-ton-report-advancing-domestic-resources-
thriving-bioeconomy) and to develop national yield potential
maps for each feedstock. An example of a yield potential map
for upland and lowland switchgrass is shown in Figure 17.
Figure19. Poplar plantation in Minnesota. Photo courtesy of Vance Owens, South
Dakota State University.
l  Released publicly available yield trial data sets for use by 
   biorefineries, feedstock producers, policy makers, financial 
   institutions and others (e.g., Lee et al., 2018; doi: 10.1111/
   gcbb.12493).
l  Demonstrated multiyear yield of biomass sorghum, switch-
   grass, miscanthus, energycane, CRP mixed perennial grasses, 
   poplar and willow in diverse environments in the U.S.
l  Supported training of 15 M.S. students, eight Ph.D. students, 
   25 undergraduate students, and seven postdocs.
Outputs
l  Nearly 140 peer-reviewed publications;
l  Six book chapters;
l  More than 200 presentations to scientific, professional, 
   and lay audiences;
l  More than 50 extension/outreach publications; and
l  Websites to educate stakeholders about bioenergy.
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Figure 18. Corn stover harvest. Photo courtesy of Doug Karlen, USDA ARS.
The U.S. Department of Transportation provided funding for 
the NCRSGC to administer a competitive research program 
for landgrant universities and their partners in the region. 
This program concluded at the end of 2017. The NCRSGC 
Center utilized approximately 75 percent of the DOT funds 
for regional competitively selected awards while approximately 
25 percent of the funds were used internally at SDSU to build 
research capacity.
Working with the Sun Grant Initiative, the DOT Research 
and Innovative Technology Administration organized a team 
of federal agency specialists to identify the nation’s leading 
research priorities to be addressed in order to develop renew-
able bio-based transportation fuels. These national priorities 
for renewable transportation development included: biofuel 
feedstock development, biofuels conversion processes, biofuel 
system analysis, economics, marketing and policy, and environ-
mental impacts. Figure 20 highlights the primary topic area 
of awards made through this program as well as the funding 
associated with each.
Impacts
l  A project at the South Dakota School of Mines & Technology 
   developed models to assist in evaluating biofuel production 
   sustainability from nonfood oilseeds for the Northern Great 
   Plains with respect to farm economics, life cycle impacts and 
   transportation efficiency (Figure 21). These models can also be 
   used to explore future biofuel and/or agricultural opportun-
U.S. Department 
of Transportation
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Sun Grant Initiative Competitive Grants Program
Figure 20. Number of projects funded (top) and funding amounts (below) in
each general reserch area with DOT funds.
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Figure 21.Map showing northern Great Plains oilseed and oil yields based on
regional field tests of recent cultivars and NASS data according to USDA crop
management zones. Image courtesy of Heidi Sieverding, South Dakota
School of Mines & Technology.
n US DOT Funding n Cost Share 
   ities. In addition, undergraduate students on this project 
   developed two easy-to-use ESRI ArcGIS story maps to describe 
   potential use of oilseeds in the region: 1) Farm-gate Life Cycle 
   Assessment of Oilseed Feedstocks for the Northern Great 
   Plains (arcg.is/vu54n) and 2) Biodiesel Transportation Net-
   work for the Northern Great Plains (arcg.is/11K4eu). Regional 
   oilseed life cycle inventories have been made available within 
   the new USDA Ag Data Commons at: https://data.nal.usda.
   gov/dataset/data-comparative-farm-gate-life-cycle-assess
   ment-oilseedfeed-stocks-northern-great-plains. Availability 
   of this dataset will assist in meeting future renewable fuel and 
   biofuel regulatory requirements and pathway approvals.
l  At North Dakota State University, a team of researchers is 
   working to develop energy beets, a nonfood crop, as an 
   economical sugar source to produce biofuels and bioproducts. 
   Specifically, they evaluated ways to increase production of 
   raw thick juice and reduce the transportation and storage 
   challenges associate with energy beets (Figure 22). Their 
   research helped identify the best alternatives to do this 
   through frontend processing, storage and fermentation tests 
   as well as computer modeling. Their interdisciplinary partner-
   ship contributed to ongoing efforts by the private and public 
   sectors to establish an energy beet biofuels industry in the 
   North Central U.S.
l  A team led by researchers at the University of Minnesota 
   developed a novel and efficient technology called Rapid 
   Microwave Assisted Pyrolysis (rMAP) for transforming 
   biomass into biofuels. This technology was adapted to 
   smaller, distributed systems with the pilotscale processor 
   fitting on the back of modest-sized trailer (Figure 23). 
   Resynergi Inc., a California waste recovery company, is 
   making use of this technology to commercialize a biorefin-
   ing technology that converts both biomass and waste plastic 
Figure 22. Collection and preparation of energy beets for processing. 
Photo courtesy of Igathinathane Cannayen, North Dakota State University.
Figure 23. Pilot scale mobile microwave assisted pyrolysis unit. Photo courtesy 
of Roger Ruan, University of Minnesota.
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Other Impacts
l  Four invention disclosures;
l  One patent;
l  Two cultivars with plant variety protection;
l  Six jobs created; and
l  Training of undergraduate (38), M.S. (30), and 
   Ph.D. (33) students and postdocs (17).
Outputs
l  Nearly 160 peer-reviewed publications;
l  Thirteen book chapters;
l  More than 200 presentations to scientific, professional 
   and lay audiences;
l  Thirteen extension/outreach publications; and
l  Several websites to educate stakeholders about bioenergy.
   into oil and gas. Resynergi is broadening the range of feed-
   stocks that could be processed by combining the microwave-
   based technology developed at the University of Minnesota 
   to convert biomass such as waste wood or crop residue into 
   oil with its own modular, microwave-based system to trans-
   form unrecycled waste plastic into biodiesel.
l  Researchers at Iowa State University decreased by $2/ton the 
   overall cost to deliver corn stover bales from the field to a 
   storage site by implementing advanced real time monitoring 
   and reporting of bale-loading equipment to increase the daily 
   number of loads hauled (Figure 24). Efficiencies were gained 
   by providing real-time data on a daily basis to machinery 
   management team members, allowing them to make data-
   driven decisions that improved performance of the crews 
   and maximized the value of available machinery.
DOT-funded Projects
All projects funded through DOT are listed below along with
the lead investigator and her/his institution.
  1.   Developing a sustainable feedstock and next-generation 
        processing technologies for biofuels production, 
        W. Gibbons, South Dakota State University
  2.   Diversifying Midwestern biofuel feedstocks An evaluation 
        of nitrogen-fixing Alnus and Salix germplasm, S. Hokanson, 
        University of Minnesota
  3.   Novel Recoverable Enzyme Nanoparticles for Cellulose 
        Hydrolysis, P. Johnson, University of Wyoming
  4.  Develop Sustainable Renewable Energy Systems for Practical 
        Utilization of Bulky Biomass, R. Ruan, University of 
        Minnesota
  5.   Sustainable Cropping Systems for Harvesting Corn Stover 
        for Biomass, K. Moore, Iowa State University
  6.   Development of Logistics Systems for Sustainable Supply 
        of Herbaceous and Woody Feedstocks, R.V. Morey,
        University of Minnesota
  7.   Torrefaction and Pyrolysis of Grasses and Related Biomass 
        to Fungible Fuels, D. Raynie, South Dakota State University
  8.   Low Moisture Anhydrous Ammonia (LMAA) Pretreatment 
        Process of Corn Stover for Production of Butanol and
        Integration with Long Term Storage, K. Rosentrater, 
        Iowa State University
  9.   Biosolar conversion of CO2 and H2O into myrcene by 
        engineered cyanobacteria, R. Zhou, South Dakota State 
        University
10.  Energy beets a new industrial sugar source for the produc-
        tion of advanced biofuels, D. Wiesenborn, North Dakota 
        State University
 11.  Distributed production of DME based fuels using micro-
        wave technology and direct catalytic synthesis, R. Ruan, 
        University of Minnesota
12.  Evaluation of biomass and bioenergy production, environ
        mental performance, and life cycle analysis of prairie
        cordgrass, S. Kumar, South Dakota State University
13.  Improving biomass feedstock transportation efficiency, 
        economics, and emissions via real-time decision support
        tools and best management practices, M. Darr, Iowa State 
        University
14.  Bio versus fossil oil: Dryland biofuel feedstock production 
        transportation infrastructure challenges, J. Stone,
        South Dakota School of Mines and Technology
Internally-competed Projects at South Dakota State University
 1.  Developing a Prairie Biorefinery, W. Gibbons
 2.  Annual Updating of the Spatial Extent of Feedstock 
      Agriculture, M. Hansen
 3.  Oil Extraction from Non-Food Oilseeds for Renewable 
      Fuel Production, K. Muthukumarappan
 4.  Bio-Oils from Oilseed Byproduct Feedstock, S. Gent
 5. Oil Extraction from Oilseeds for Renewable Aviation 
      Fuel Production, L. Wei
Figure 24. A truck loaded with corn stover bales at a field site. Photo courtesy of Matt Darr, Iowa State University.
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Photo courtesy of Craig Novotny, EcoSun Prairie Farms

